We determined that sera obtained from hamsters infected with Borrelia burgdorferi could prevent the induction of Lyme arthritis. When irradiated hamsters were administered immune serum and subsequently challenged with B. burgdorferi, no evidence of infection was detected. Recipients failed to develop swelling of the hind paws, and no histopathologic changes were detected. In addition, B. burgdorferi was not recovered from tissues of hamsters that were passively immunized. By contrast, irradiated hamsters that were administered normal hamster serum or saline and infected with the Lyme spirochete developed arthritis. Extensive histopathologic changes occurred in the hind paws and knee joints, and spirochetes were recovered from most of the tissues examined. These results show that immune serum can confer complete protection on recipient hamsters to challenge with B. burgdorferi.
Lyme disease is a multisystem infection that is often accompanied by an expanding skin lesion; erythema migrans; and concomitant or subsequent development of arthritic, cardiac, or neurologic complications (17, 23, 26, 27) . The disease is caused by a spirochete, Borrelia burgdorferi, and is transmitted primarily to human hosts by ixodid ticks (3, 5, 25) . Lyme disease has become the most frequently reported tick-borne illness in the United States since it was first reported in 1977, as described recently (6) .
Despite considerable interest in the clinical manifestations of Lyme disease, the mechanisms of pathogenesis are poorly understood. A major factor responsible for the slow progress in deciphering these mechanisms has been the absence of an animal model. Rabbits and guinea pigs develop skin lesions resembling human erythema migrans after infection with B. burgdorferi (4, 15, 16) . These lesions, however, do not develop consistently and are the only manifestation that has been noted. Adult hamsters (14) , mice (18) , and rats (2) can also be infected with the Lyme spirochete but do not develop clinical manifestations of Lyme disease. Only mild histologic changes are detected, despite the persistence of spirochetes in tissues for several months (7) .
Recently, Barthold et al. (2) demonstrated that weanling and 3-week-old inbred Lew/N rats developed arthritis after infection with B. burgdorferi. These studies were the first to demonstrate a sustained clinical manifestation of Lyme disease in animals.
We induced Lyme arthritis in nonirradiated inbred LSH/ Ss Lak hamsters (9, 19) . Hamsters developed a histologically demonstrable arthritis after injection of B. burgdorferi in the hind paws (9, 19) . When hamsters were exposed to radiation and infected with B. burgdorferi, the hind paws became severely inflamed (19) . The prolonged inflammation (7 weeks) resulted in destructive and erosive bone changes in the joints of the hind paws (9) . Most importantly, the arthritic lesions found in hamsters (9, 19) and rats (2) resembled those found in humans with Lyme arthritis. The pathogenesis of Lyme arthritis and the immune response to B. burgdorferi can be studied in these animals (2, 9, 19 There was an increase (P < 0.001) by day 7 in the mean paw volume of irradiated hamsters infected with B. burgdorferi compared with that of the controls (Fig. 1) . The swelling peaked at day 10 and was still detected on days 14 Three groups of four irradiated hamsters each were injected with saline, normal serum, or immune serum and subsequently challenged with B. burgdorferi. A fourth group of four irradiated hamsters was injected with BSK. Inflammation of the hind paws was detected in hamsters that were infused with normal serum or saline 7 days after challenge with B. burgdorferi (Fig. 2) . The response peaked on day 8 of infection and then declined. By contrast, hamsters infused with immune serum showed no evidence of swelling of the hind paws ( Fig. 2 and 3A) . Hind paw swelling in hamsters infused with immune serum did not differ significantly from that in noninfected irradiated hamsters injected with BSK ( Fig. 2 and 3A and D normal serum or saline (Table 1) . Spirochetes were also detected in most of the cultures of kidneys or spleens from these hamsters. By contrast, no spirochetes were detected in cultures of tissues from B. burgdorferi-infected hamsters infused with immune serum. Spirochetes were also not detected when the cultures were subcultured to fresh BSK.
Histopathology of the hind paws and knee joints. Extensive pathologic changes were detected in the hind paws and knee joints of B. burgdorferi-infected hamsters administered saline (Fig. 4C) or normal serum (Fig. 4B) . The tibiotarsal, intertarsal, and interphalangeal joints showed evidence of inflammation. The synovial linings of the hind paws and knee joints were hypertrophic and hyperplastic with focal areas of ulceration. Adherent fresh fibrin protruded into the joint spaces and was associated with many neutrophils. The neutrophils also permeated the subsynovial connective tissue and periarticular structures, including the tendons, tendon sheaths, ligaments, fibrous capsule, and periosteum. The acute inflammatory reaction of the hind paws and knee joints was also associated with many spirochetes in the synovial and periarticular tissues (data not shown).
By contrast, the hind paws and knee joints of B. burgdorferi-infected hamsters infused with immune serum were uniformly free of histopathologic changes (Fig. 4A) . Pathologic changes were also not detected in the hind paws or knee joints of noninfected hamsters inoculated with BSK (Fig. 4D ).
DISCUSSION
The mechanism(s) by which experimental animals and human hosts acquire resistance to infection with B. burgdorferi is poorly understood. We reported that sera obtained from hamsters infected with B. burgdorferi can prevent the induction of arthritis. In addition, immune serum conferred complete protection against infection of hamsters with the Lyme spirochete.
When irradiated hamsters were administered immune serum and challenged with B. burgdorferi, recipients failed to develop swelling of the hind paws. Histopathologic changes also were not detected in the hind paws or knee joints. In addition, B. burgdorferi was not recovered from tissues after the tissues were incubated in BSK. By contrast, irradiated hamsters administered normal hamster serum or saline developed arthritis. Extensive histopathologic changes were detected in the hind paws and knee joints, and B. burgdorferi was recovered from most of the tissues. Our results confirm and extend the findings of Johnson et al. (10) , who demonstrated the efficacy of immune serum.
These findings and those of Johnson et al. (10) (11) (12) (13) are important. They demonstrate unequivocally that antibodymediated immunity plays an important role against infection with B. burgdorferi. Johnson et al. (10) also showed that exposure of hamsters to small amounts (0.0125 ml) of immune serum confers protection. We showed that sera from B. burgdorferi-infected hamsters has considerable anti-B. burgdorferi activity. Induction of arthritis was prevented, even though immune serum was diluted 20-fold. It is important that immune sera was obtained in this study from hamsters with active disease. Many spirochetes are found in the periarticular and synovial tissues of donor hamsters (9, 19 There is evidence for strain specificity (12) . The availability of animals (2, 9, 19) that present a clinical feature of Lyme disease that can be prevented by immune factors makes these studies feasible.
